Abstract Circum-Antarctic sediment thickness grids provide constraints for basin evolution and paleotopographic reconstructions, which are important for paleo-ice sheet formation histories. By compiling old and new seismic data, we identify sequences representing preglacial, transitional, and full glacial deposition processes along the Pacific margin of West Antarctica. The preglacial sediment grid depicts 1.3-4.0 km thick depocenters, relatively evenly distributed along the margin. The depocenters change markedly in the transitional phase at, or after, the Eocene/Oligocene boundary when the first major ice sheets reached the shelf. Full glacial sequences, starting in the middle Miocene, indicate new depocenter formation North of the Amundsen Sea Embayment and localized eastward shifts in the Bellingshausen Sea and Antarctic Peninsula basins. Using present-day drainage paths and source areas on the continent, our calculations indicate that an estimated observed total sedimentary volume of 10 3 10 6 km 3 was eroded from West Antarctica since the separation of New Zealand in the Late Cretaceous. Of this, 4.9 3 10 6 km 3 predates the onset of glaciation and need to be considered for a 34 Ma paleotopography reconstruction. Whereas 5.1 3 10 6 km 3 postdates the onset of glaciation, of which 2.5 3 10 6 km 3 were deposited in post mid-Miocene full glacial conditions.
Introduction
Sediment thickness grids provide important constraints for basin evolution as well as reconstructing paleobathymetric and paleotopographic models. Such paleotopographic reconstructions of Antarctica play a particular role in explaining processes of paleo-ice sheet formation and dynamics [e.g., Wilson et al., 2012 Wilson et al., , 2013 . The preglacial to glacial sequences in the polar marine sedimentary record document the changeover from greenhouse to icehouse climate conditions and provide indications of the ice sheet extent in times of important climatic changes [e.g., Anderson and Bartek, 1992; Brancolini et al., 1995; Rebesco et al., 1997; De Santis et al., 2003; DeConto and Pollard, 2003; Wilson and Luyendyk, 2009; Brancolini and Leitchenkov, 2010] . Based on various seismostratigraphy studies around the Antarctic margin, the marine sedimentary column can be generally subdivided into the ''preglacial,'' the ''transitional,'' and the ''full glacial'' sequences [e.g., Lindeque et al., 2013 Lindeque et al., , 2016 Huang et al., 2014] , spanning approximately 90 Myr of basin evolution history [Wobbe et al., 2012 [Wobbe et al., , 2014 Lindeque et al., 2016] . The transitional sequence includes sediments deposited from the onset of major early ice sheet development near the Eocene-Oligocene (E/O) boundary at about 34 Ma. In the Oligocene to the middle Miocene, at about 15 Ma, ice sheet advances to and across the continental shelves intensified with transport and deposition of sediments, forming the full glacial sequence.
By mapping the seismic boundary horizons of these sequences, regions of high sediment deposition, referred to as depocenters, can be identified. Although these depocenters hold minor proportions of pelagic and hemipelagic components, the sources mainly point to alluvial and glacial drainage outlets from the continent. Relocations of such depocenters in particular time periods document changes in sediment transport due to bottom current development, which can be associated with changes in climate and glacial conditions.
The seismic data used to generate reasonable isopach maps have been unevenly distributed around Antarctica. Whittaker et al. [2013] and Wobbe et al. [2014] published improved total sediment thickness grids of the southeastern Indian Ocean between Australia and East Antarctica, and off the Pacific margin of West Antarctica, respectively. A recent compilation of seismic data enabled the generation of a regional 
Database and Methods
We largely improve the total sediment thickness grid for the Pacific margin of West Antarctica [Wobbe et al., 2014] by identifying the top of basement from recently acquired multichannel seismic data in the eastern Ross Sea (TAN0602 survey in Lindeque et al. [2016] ) and western to central Amundsen Sea (ANT-2010 survey in Lindeque et al. [2016] ). Having this as a base data set ( Figure 1 , produced in polar stereographic projection referenced to WGS84 with true scale latitude at 718S and central meridian at 1388W), we construct new basin-wide preglacial, transitional, and full glacial sediment thickness grids of 5 km cell size, using the correlated E/O boundary (34 Ma) and mid-Miocene (15 Ma) horizons from published seismic data and borehole information of the Ross Sea, Amundsen Sea, and Bellingshausen Sea basins. An overview of the source Geochemistry, Geophysics, Geosystems
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identification and the seismic profiles used in the grid constructions are listed in supporting information Table S1 .
Stratigraphic Correlation
The margin-wide seismic horizon correlation is summarized in Figure 2 . Supporting age control from boreholes ( Figure 1 ) is drawn from IODP Leg 318 Site U1356 off Wilkes Land [Escutia et al., 2011] , DSDP Leg 28 Sites 270-274 in the Ross Sea [Hayes and Frakes, 1975] , DSDP Leg 35 Sites 322-324 in the Bellingshausen Sea [Hollister et al., 1976; Tucholke et al., 1976] , and ODP Leg 178 Sites 1095 and 1096 off the central Antarctic Peninsula [Rebesco et al., 1997; Barker et al., 2002; Uenzelmann-Neben, 2006] .
The Ross Sea shelf and slope seismic stratigraphy are used as published (Figure 2) . Lindeque et al. [2016] correlated the new data of the western and central Amundsen Sea basin to the interpreted sequences of the Wilkes Land margin by linking the seismic horizons via the known Ross Sea shelf stratigraphy [Anderson and Bartek, 1992; ANTOSTRAT, 1995; Brancolini et al., 1995; De Santis et al., 1999 , 2003 Wilson and Luyendyk, 2009; Brancolini and Leitchenkov, 2010] .
To the east, the sedimentary sequences of the central Amundsen Sea basin are correlated to the seismic stratigraphy of the eastern Amundsen Sea and Bellingshausen Sea [Yamaguchi et al., 1988; Nitsche et al., 1997 Nitsche et al., , 2000 Rebesco et al., 1997; Scheuer et al., 2006; Uenzelmann-Neben, 2006; Gohl, 2012, 2014; Gohl et al., 2013] . We expand on the correlation by Lindeque et al. [2016] and trace their two key regional seismic horizons, the uPG-T being close to the E/O transition and mid-Miocene uT-FG, to the horizon interpretation of the eastern Amundsen Sea basin, Bellingshausen Sea, and Antarctic Peninsula ( Figure 2 ). The seismic horizon picks of Scheuer et al. [2006] and Rebesco et al. [1997] were used as published. The only change is that the seismic lines in the isopach grids of Scheuer et al. [2006] did not identify a horizon near the E/O transition; we added this to the seismic lines they used.
Sediment Thickness Calculation
We expanded the total sediment thickness grid of Wobbe et al. [2014] , shown in Figure 3 , and derived three sediment unit thickness grids: (i) The preglacial (PG) sequence (Figure 4 ) representing the sediments Geochemistry, Geophysics, Geosystems
deposited before the built-up of major ice sheets that extended to the coastal zone and the shelf. The sequence is estimated to be of Oligocene-Eocene age or older [Lindeque et al., 2013 [Lindeque et al., , 2016 , and bounded by the acoustic basement below and the uPG-T horizon above.
(ii) The transitional (T) sequence ( Figure 5 ), which consists of Oligocene to middle Miocene sediments associated with the first arrival of the major ice sheets at the coasts and shelves. The sequence is bounded by the mid-Miocene uT-FG horizon above. (iii) The full glacial (FG) sequence ( Figure 6 ) above horizon uT-FG, consists of sediments associated with pronounced advances of grounded ice across the shelves.
We convert the two-way-travel times (TWT, T in s) for each boundary horizon to depth Z (km) using the empirical time-depth relation Z 5 3.03 ln (1 2 0.52T) of Carlson et al. [1986] for the top sediments of less than 1.4 s TWT (1.4 km thick). For deeper sediments, the P-wave velocities from the sparse seismic refraction measurements of the Pacific margin of West Antarctic are considered. Sonobuoy data of the eastern Ross Sea rise recorded interval velocities from 1600 to 3900 m/s (TAN0602 survey in Lindeque et al. [2016] ). These compare well with the velocities from the P-wave refraction velocities of the sediments in the eastern Amundsen Sea, which range from 1600 to 4200 m/s Kalberg and Gohl, 2014] . Interval velocities derived from stacking velocities of the multichannel seismic data in the central Amundsen Sea range from 1690 to 3760 m/s down to a maximum sediment depth of 3.9 km below seafloor [Lindeque et al., 2016] and are consistent with the velocities of the seismic refraction data. Sediments deeper than 2.8 s TWT were converted to depth using an average interval velocity of 2820 m/s.
Data Merging and Gridding
We use the same approach as in Wobbe et al. [2014] in order to maintain consistency for comparison of previous sediment thickness grids available at the National Geophysical Data Center [NGDC] and PANGAEA. 10 3 10 km block medians were calculated to avoid spatial aliasing and short-wavelength artifacts in the Geochemistry, Geophysics, Geosystems
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LINDEQUE ET AL. PREGLACIAL, TRANSITIONAL AND FULL GLACIAL ISOPACH MAPS, WEST ANTARCTICAgridding process. Local minima and maxima were suppressed by applying a 0.2 tension factor to the continuous curvature splines gridding algorithm of Smith and Wessel [1990] .
To avoid distortions and still maintain reasonable appearance of the PG, T, and FG grids, outliers were manually identified and excluded in areas devoid of seismic data. This was especially the case on unmapped shelves. A second-order Butterworth low-pass filter with a cutoff wavelength of 100 km was applied to remove short-range variations. A variable area correction of the grid was not applied because the distortion of the Conformal versus Equal Area approach does not exceed 5% in the region of interest and is considered negligible at this scale. The final grids were resampled by bicubic interpolation to 5 km resolution.
We divided the West Antarctic margin into three main deposition sectors (Figure 1 ) according to the terrigenous sediment source areas determined from the present-day ice drainage system divides [Zwally et al., 2012] . The Ross Sea sector covers an area of 1.76 3 10 6 km 2 , the Amundsen Sea sector 3.43 3 10 6 km 2 , and the Bellingshausen Sea sector 2.91 3 10 6 km 2 . ) and source rock density (2.6 g/cm 3 ), a maximum pelagic fraction of 15% were considered, but not restored to the continent in this calculation.
Results and Discussion

Reliability and Uncertainties of the Grids
In general, our isopach grids represent approximate time intervals in which certain sedimentation processes were dominant. Due to the lack of sufficient deep drilling sites along the West Antarctic margin and southern Pacific, the stratigraphic age model is prone to large uncertainties, which is demonstrated by lateral variations in the ages associated to our horizons. For instance, we assigned an age of around 34-30 Ma for the dominant uPG-T horizon in the Ross Sea and western Amundsen Sea rise, but younger ages (25-21 Ma) for the same horizon in the eastern Amundsen Sea and Bellingshausen Sea basins [Lindeque et al., 2016] .
Additional uncertainties stem from the sparse data point distribution in some areas due to limited seismic data. It is likely that sediments are thicker than estimated in some continental shelf and slope areas, where the preglacial to glacial units could not be identified. The transitional and full glacial units on the continental rise of the Ross Sea are currently underestimated because others are still working at the seismostratigraphic analysis of a large number of seismic lines. In a broad assumption, the preglacial volume may be uncertain by 630% while the younger volumes may be uncertain by 620% due to limited mapping, boreholes, and seismic data distributions.
It can be assumed that the three sedimentary units consist mostly of terrigeneous sediments with minor proportions of pelagic and hemipelagic components. DSDP and ODP boreholes revealed about 15% of pelagic components in their cores, but it is uncertain whether this proportion is representative for the entire continental rise from the Ross Sea to the Bellingshausen Sea.
We are confident that our time-depth conversion yields relatively realistic thickness values, because of seismic refraction and sonobuoy velocities from the Amundsen Sea and the Ross Sea, respectively, showing similar velocity-depth distribution.
Preglacial Sediment Thickness Grid
The preglacial sequence depicts depocenters that are relatively evenly distributed along the West Antarctic continental rise, ranging in maximum thickness from 1.3 km in the western Amundsen Sea to more than 4 km in the Ross Sea and eastern Bellingshausen Sea (Figure 4) . The thickest depocenters are in the eastern Ross Sea and eastern Amundsen Sea. The oldest sediments of this sequence were deposited on the oldest oceanic crust, determined from magnetic seafloor spreading anomalies used for plate-kinematic reconstructions [e.g., Eagles et al., 2004; Wobbe et al., 2012] . This oldest crust ranges from 90 Ma south of magnetic spreading anomaly C34 in the eastern Amundsen Sea, to about 84-79 Ma on the western Amundsen Sea and Ross Sea rise, and to less than 40 Ma west of the Antarctic Peninsula. From the margin-wide stratigraphic correlation (Figure 2) , the youngest limit of this sedimentary unit ranges from about 34 Ma in the western Amundsen Sea to 21 Ma in the eastern Amundsen Sea. Refer to Wobbe et al. [2012] for a detailed account of the Amundsen Sea basin evolution and geodynamics along the margin.
The fairly even distribution of deposition is interpreted as sediment supply coming from most of the continental regions. The Ross Sea sediment thickness distribution was likely controlled by the tectonic evolution of the rift basins [Davey, 1987] , with the Terror Basin and the Eastern Basin being the prominent depocenters throughout the Tertiary rifting phase [Cooper et al., 1991] . A shift in depocenters from the Bellingshausen Sea to the Antarctic Peninsula reflects the uplift and subsidence processes associated with the south to north ridge-trench collision [Anderson, 1999] .
This period has the highest sediment volume across all areas (Table 1 ). The reconstructed West Antarctic paleotopography at 34 Ma by Wilson and Luyendyk [2009] and Wilson et al. [2012] shows a landmass of West Antarctica with a higher average elevation than today, and it is reasonable to assume that a high erosion rate contributed to the large and wider distributed sediment supply along the margin.
Transitional Sediment Thickness Grid
The up to 1.8 km thick transitional sequence ( Figure 5 ) shows a clear concentration of depocenters in the eastern Ross Sea, the western Amundsen Sea as well as the Bellingshausen Sea and Antarctic Peninsula Geochemistry, Geophysics, Geosystems (Figure 2 ) along the margin places an estimated maximum age range from 34 to 10 Ma on this sequence. We relate this time interval to sedimentation processes affected by increasing continental ice sheets that expanded to the coasts and inner shelves [e.g., Anderson and Bartek, 1992; Lear et al., 2008; Miller et al., 2008; Wilson et al., 2013; Gohl et al., 2013] as the global temperatures generally decreased [e.g., Zachos et al., 2001 Zachos et al., , 2008 .
We speculate that increased bottom-water circulation caused by perennial sea-ice cover, may have transported large volumes of sediment in an eastward direction Gohl, 2012, 2014] and, thus, forced the formation of localized depocenters. Fast erosion by first major ice sheets likely altered the topography of West Antarctica [Wilson et al., 2012 [Wilson et al., , 2013 . Ice flow drainage may have been redirected and became more concentrated to follow major drainage pathways along eroded lowered topography, possibly following tectonic displacement zones such as faults or rifts zones associated with the West Antarctic Rift System [Davey and De Santis, 2006; M€ uller et al., 2007; Wilson and Luyendyk, 2009; Gohl et al., 2013] . Such processes would account for the concentration of glacial deposits in the eastern Ross Sea, western Amundsen Sea and Bellingshausen Sea.
The relatively high sediment supply to the Bellingshausen Sea can also be associated with the subduction orogeny of the central and northern part of the Antarctic Peninsula, which was still active in this time interval.
Full Glacial Sediment Thickness Grid
The full glacial sequence ( Figure 5 ) represents the Antarctic-wide time interval from the mid-Miocene (15 to 10 Ma) with dominant sedimentary deposits associated with ice sheets advancing across the shelves more frequently in glacial periods [e.g., Rebesco et al., 1997; Nitsche et al., 1997 Nitsche et al., , 2000 De Santis et al., 1999 , 2003 Uenzelmann-Neben, 2006; Anderson, 2010, 2011; Gohl, 2012, 2014; Gohl et al., 2013; Lindeque et al., 2016] . Sediment supply increased compared to the transitional period (Table 1) . The full glacial sequence indicates a change in depocenter locations along the margin ( Figure 5 ). The western Amundsen Sea received less sediment input, while a new depocenter of up to 2 km thickness formed North of the Amundsen Sea Embayment (ASE). Such lateral variation could be due to uplift or denudation of the source area, but much of the sediment supply of the ASE can also be associated with the further development of ice streams draining from the catchment areas of the Pine Island and Thwaites Glacier systems [e.g., Bamber et al., 2009; Gohl et al., 2013; Uenzelmann-Neben and Gohl, 2014] .
Deposition of the Bellingshausen Sea basin seems to have increased since the transitional period, probably in response to a growing Antarctic Peninsula Ice Sheet frequently grounded on the shelf [Rebesco et al., 1997; Uenzelmann-Neben, 2006] . Much of the Antarctic Peninsula remained at high elevation with erosional rates and sediment supply remaining high [Lindeque et al., 2013] .
The combined T and FG volumes for the Ross Sea (1.26 3 10 6 km 3 ; 
Conclusions
Recently acquired seismic data in the central and western Amundsen Sea and eastern Ross Sea now allow basin-wide seismic stratigraphic correlation from the Ross Sea to the Bellingshausen Sea. From this correlation and the few available borehole data, we present sediment thickness grids for the total sedimentary cover as well as the preglacial (from <34 Ma), transitional (from >34 Ma to <15 Ma), and full glacial (from >15 Ma to present) sequences. The total sediment thickness grid updates the global NGDC grid for the southern Pacific sector. In total, an average of 4.6 km thickness of the West Antarctic landmass was eroded and deposited as a total sedimentary volume of 10 3 10 6 km 3 along the Pacific margin from the Cretaceous to present day.
The preglacial period shows a fairly equal distribution of deposits along the entire West Antarctic margin, but the marker horizon uPG-T denotes the change of deposition pattern at the beginning of the transitional period after the first built-up of major ice sheets extending to the coasts and inner shelves. Depocenters
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developed in the eastern Ross Sea, western Amundsen Sea, and Bellingshausen Sea. After ice sheets advances became more frequent, with grounding across the shelves beginning in the mid-Miocene as marked with the marker horizon uT-FG, the western Amundsen Sea basin was no longer a main depocenter, and a new depocenter developed north of the Amundsen Sea Embayment.
